We show the existence of three infinite sets of independent, conserved charges in three dimensional inviscid fluid dynamics, with a density dependent potential term. Out of these, terms in two sets are in involution. The structures of the conserved currents in Clebsch variable representation are polynomial in nature. Relativistic generalization of the free system and the Batalin-Tyutin extension of the full theory is also discussed. The conservation laws survive in a modified form in both the cases.
Recently there has been a surge of activities in the field theoretic investigations in fluid dynamics. The Hamiltonian framework proves to be very convenient, since techniques from other areas in physics, such as High Energy Physics, can be applied here [1] . Unfortunately viscosity and other dissipative phenomena have to remain outside the ambit of this formalism but even then, a large number of realistic cases can be studied where dissipation plays a relativly minor role.
In the present work, we will mainly report some interesting features in (three dimensional) non-relativistic hydrodynamics, where the potential energy term in the Hamiltonian, (that induces a pressure term in the otherwise free (Euler) equations of motion), depends only on the density. An important particular case in this scheme is the Chaplygin gas system [1] . We will show that the system possesses three infinite serieses of independent conserved quantities. Furthermore, terms in each of the two serieses are in involution. It has been shown before [2] that in one dimension, where the velocity is expressed by a single variable, there exist two infinite sets of conserved charges. We will utilise the Clebsch parametrization of the velocity field [3] in terms of which the structure of the conserved charges are a generalization of [2] . The explicit symmetry transformations will be constructed which generate the three-fold infinity of local current conservation laws.
We will also discuss briefly the relativistic generalization of the model [4] where the above conserved currents survive in a modified form. Also it is straightforward to consider the system [5] in the Batalin-Tyutin (BT) extension scheme [6] where once again all the (modified) conservation laws are valid. The last mentioned system has gauge invariance and is eminently suitable for quantization. Obviously one can also consider the relativistic theory in the BT framework, with similar results. All the above generalizations are allowed because our formulation rests on the Hamiltonian scheme where the time evolution of a generic field φ is governed by the Hamiltonian equation ∂ t φ = {φ, H} and in this particular model, in the relativistic or BT-extended frameworks, the basic Poisson Bracket (PB) algebra remains identical or structurally unaltered respectively.
The above observations tempt us to consider the possibility of the system being integrable. For that one should find another Hamiltonian structure and PB algebra, (where the Hamiltonian is a linear combination of the conserved charges), which reproduces the same set of equations of motion that have been considered here. Establishment of this bi-Hamiltonian nature of the system is under investigation.
The inviscid and compressible fluid equations of motion are
where ρ and v i denote the density and velocity fields respectively, and a density dependent pressure term has been considered. The Hamiltonian system: The above equations of motion (1) are generated by
using the following Hamiltonian and the (non-canonical) PB algebra [3] 
We now introduce the Clebsch parametrisation of v i and the associated PB algebra [7, 5] ,
These are the only non-zero PBs.
Conserved charges: Time evolution of the new variables are
Using above relations, one can easily check that
The above constitute the three independent serieses of local current conservation equations. The following are the three sets of conserved charges:
Clearly
and the rest of the PBs between charges are non-vanishing. Hence one can take either the set I n or the set J n as the independent and conserved charges in involution. This is the main result of our work. As a simpler case, note that if we consider the fluid to be incompressible (with a constant density ρ 0 ), we obtain the transversality condition of the velocity,
Hence the current conservation laws (6, 7, 8) become independent of density.
Symmetry transformations: The nature of symmetry transformations of the Lagrangian generating the above Noether currents is also interesting. The Lagrangian
correctly reproduces the PBs by Dirac constraint analysis [8] or symplectic procedure [9] . The transformations giving rise to the charges I n , J n and K (n,m) are respectively,
where η is the infinitesimal global parameter. Notice that for n = 0 in (13), the corresponding conservation law reduces to the mass conservation equation of (5). The above current expressions are reproduced from the prescription
Covariant formulation: In the relativistic generalization, the Lagrangian is expressed as [4] 
Expansion of the square root as
and dropping the uninteresting ρ term [4] , (since it can only influence the time evolution of θ by a constant translation), we can recover the non-relativistic Lagrangian in (11). We emphasise that the symplectic structure and the associated PB algebra remains unaltered from (4) . The Hamiltonian now is modified to
which changes the equations of motion to the following:
Notice that in the lowest order,
, the previous equations are recovered. Clearly the previous conservation laws will remain intact by replacing v i by L i in the expressions (6, 7, 8) for the currents.
Batalin-Tyutin extension: As far as the BT extension [6] is concerned, we just mention that in the BT extended phase space, where additional auxiliary BT variables are introduced to recover gauge invariance, the PBs between gauge invariant variables remain structurally identical, if all the variables are replaced by their gauge invariant counterpart. This means that all the relations that we have discussed so far can be carried through simply by changing the variables to their gauge invariant analogues. This is discussed in details in [5] . The advantage of this formulation is that the phase space algebra is completely canonical which is necessary for quantization purposes.
To conclude, we have demonstrated the existence of three infinite sets of independent, conserved charges in a Hamiltonian model of inviscid hydrodynamics, with a density dependent pressure. Terms of two of these sets are in involution. The explicit (Lagrangian) symmetry transformations leading to these Noether currents have been derived. We have also shown that these conservation laws survive, albeit with modifications, in a relativistic generalization of the free theory and also in Batalin-Tyutin extended phase space framework. Establishment of the bi-Hamiltonian structure and soliton solutions in the model will be worth studying.
